The two-year fi eld trial was established in May 2008 on light soil in the cadastre of Ratíškovice near Hodonín in an arid maize-growing production area. Prior to sowing selected soil conditioners were applied in experimental plots of an area of 864 m 2 as follows: zeolite (a mineral of high sorption ca paci ty), lignite (the youngest coal containing humus substances) and the supplementary soil substance agrisorb (polymer organic compound capable of holding in its structure and subsequently releasing water) and they were incorporated into a profi le of 0.15 m. Including the untreated control the experiment involved 4 treatments. The rates of the conditioners were as follows: zeolite -3 l . m ). The aboveground biomass taken from an area of 0.05 m 2 was sampled in the stage of bud setting with three repetitions to each treatment. In 2008 and 2009 the respective treatments did not signifi cantly change the contents of N, P, K, Ca and Mg in the aboveground biomass of the clover-grass mixtures. The diff erences in the contents of the macro elements were signifi cant only between the individual types of mixtures and were due to their diff erent botanical composition. Between the years 2008 and 2009 no signifi cant diff erences were discovered among treatments in terms of the contents of P and K in none of the mixtures, but the Mg content decreased in the second year in most treatments by 50 relative % and more. The contents of N and Ca increased signifi cantly in the second year in the regional and landscape mixtures; in the annual mixture also the Ca content. The year-on-year diff erences however were seen also in the untreated control showing the apparent eff ect of the year. A longer period of monitoring is necessary if we are to achieve an objective evaluation of the eff ect of the applied preparations on the chemical composition of the aboveground biomass.
The two-year fi eld trial was established in May 2008 on light soil in the cadastre of Ratíškovice near Hodonín in an arid maize-growing production area. Prior to sowing selected soil conditioners were applied in experimental plots of an area of 864 m 2 as follows: zeolite (a mineral of high sorption ca paci ty), lignite (the youngest coal containing humus substances) and the supplementary soil substance agrisorb (polymer organic compound capable of holding in its structure and subsequently releasing water) and they were incorporated into a profi le of 0.15 m. Including the untreated control the experiment involved 4 treatments. The rates of the conditioners were as follows: zeolite -3 l . m −2 , fraction used 1-2 mm; agrisorb -20 g . m −2 ; lignite -1000 g . m −2 . Three types of clover-grass mixtures were sown: landscape mixture with an addition of leguminous plants (seeding rate 200 kg . ha −1 ), regional mixture (100 kg . ha ). The aboveground biomass taken from an area of 0.05 m 2 was sampled in the stage of bud setting with three repetitions to each treatment. In 2008 and 2009 the respective treatments did not signifi cantly change the contents of N, P, K, Ca and Mg in the aboveground biomass of the clover-grass mixtures. The diff erences in the contents of the macro elements were signifi cant only between the individual types of mixtures and were due to their diff erent botanical composition. Between the years 2008 and 2009 no signifi cant diff erences were discovered among treatments in terms of the contents of P and K in none of the mixtures, but the Mg content decreased in the second year in most treatments by 50 relative % and more. The contents of N and Ca increased signifi cantly in the second year in the regional and landscape mixtures; in the annual mixture also the Ca content. The year-on-year diff erences however were seen also in the untreated control showing the apparent eff ect of the year. A longer period of monitoring is necessary if we are to achieve an objective evaluation of the eff ect of the applied preparations on the chemical composition of the aboveground biomass.
South Moravia, soil, arid conditions, zeolite, Agrisorb, lignite, chemical composition of plants Soil is the most frequently used substrate for plant growing and is characterised by certain specifi c (physical, biological, chemical, physical-chemical and other) properties. The soil and agrochemical properties can considerably infl uence plant growth and development, particularly in arid conditions or during a defi cit in precipitation. The capacity to absorb water and nutrients dissolved in the water is markedly worse in light soils than in soils with a higher proportion of clayey particles (medium and heavy). Therefore in light soils the danger of depletion of nutrients (NO 3 − , SO 4 2− , etc.) by washing out is more imminent (Mengel and Kirkby, 2001) . That is the reason why plants on light soils suff er from drought-related stress much more (Lošák et al., 2008) . To achieve adequate yields and quality of production it is necessary to comply with the principles of balanced plant nutrition (Marschner, 2002 ). An adequa te supply of available macro-and micro-biogenic elements in the soil and in the plant is a prerequisite for plant growth and development. If these conditions are fulfi lled with respect to the law of conservation of mass and Liebig's law of minimum we can work on the assumption that varied supplementary substances, preparations and soil conditioners will be exploited. A supplementary soil substance is a substance with no active amount of nutrients, which otherwise has a benefi cial biological, chemical or physical eff ect, improves the condition of the soil and enhances the effi ciency of fertilisers. A supplementary plant preparation is a substance without an active amount of nutrients, which otherwise has a benefi cial eff ect on the de velop ment of cultural plants or on the quality of plant products (Law 156/1998 Coll.) . If the supplementary substance or soil conditioner helps to increase the sorption of water or nutrients in the soil we can expect that plants are better supplied with avai lable nutrients and that depletion of nutrients from the soil caused by washing out is reduced. Increased nutrient intake should have a subsequent eff ect also on the chemical composition of the plant biomass (Mengel and Kirkby, 2001) .
Zeolites are crystal alumina silicate that has negative charge, which is balanced by one or two valence positively charged cations (Mumpton, 1999) . Other properties of zeolites contain high absorption level, water retaining and releasing, high cation exchange capacity (CEC) and high buff ering against to change of pH. Zeolite changes media pH and infl uences element absorption (Allen and Ming, 1995) . High exchange potential of cation NH 4 + and K + has been considered as an important property of zeolites (Maloupa et al., 1999) . Physical and chemical properties of zeolite: specifi c gravity: 2.17 gr / cm 3 ; bulk density: 1.14 gr / cm 3 ; total porosity: 57.23 %; water porosity: 42.4 %, air porosity. 14.83 %; CEC: 170 meq/100g; pH: 8.13; EC: 3.01 (Ghazvini et al., 2007) .
For a long time lignite was the youngest mined coal used as fuel and for energetic purposes in the area of south Moravia. In terms of energy however (heating value, total heat value) the quality of lignite as coal is not high. Isolation of humic acids from brown coal is relatively frequent, but experience with and knowledge of direct application of natural lignite to soil is only minimal. Such an application should also be more economical because it does not pose costs for extraction and recycling or processing of the used agents. Naturally, humic substances contained in lignite have a diff erent genesis than humic substances in the soil . Analyses comparing the elementary composition of humic acids isolated from lignite and some soil types indicate that in terms of the content of C, H and proportion of aromatic and aliphatic carbon the lignite acids are very close to chernozem acids. They diff er in a lower content of nitrogen (Pekař et al., 2005) . The advantage of humus is its high ion-exchangeable ca paci ty which ensures binding of nutrients in the soil and reduces their leaching. It reacts with the mi neral colloid soil fraction and improves the physical and physical-mechanical soil properties, regulates the soil water and air regime, binds xenobiotic pollutants in the soil etc. (Kolář et al., 2008) . Some technologies use lignite as a substrate for the growth of micro-organisms decomposing various organic pollutants (Rethmeier and Jonas, 2003) . In many cases lignite reduces the content of heavy metals in plant tissues what is attributed to the sorption capacity of lignite not only towards metal ions (Pekař et al., 2009, Klučáková and Omelka, 2004) . On the basis of long-term investigations Honěk et al. (2001) give the average composition of lignite from south Moravia (mass %) converted either to dry matter (ash, S) or dry state free of ash (C, O, H, N) as follows: humidity 40-50 %, ash 8-50 %, C 64-68 %, O 22-29 %, H 5-6 %, N: 0.1-1.5%, S 1-4 %. The pH value ranges between 5 and 6 .
The objective of fi eld trials lasting several years was to evaluate the possibility of applying soil conditioners and supplementary soil substances to light soil in arid conditions of south Moravia to increase the sorption of water and nutrients (and reduce losses due to washing out) which should be refl ected in the chemical composition of the biomass of various clover-grass mixtures.
MATERIALS AND METHODS
The two-year fi eld trial was established in May 2008 on light soil in the cadastre of Ratíškovice near Hodonín in an arid maize-growing production area of south Moravia. We used the method of random blocks in 3 repetitions. The size of one block was 10,368 m 2 , the dimension of each experimental plot (treatment) was 36 × 24 m = 864 m 2 . In the experimental plot prior to sowing the mixture we applied soil conditioners zeolite (Z) and lignite (L) and supplementary soil substance agrisorb (A) using several types of applicators.
Zeolite minerals are crystalline hydrated aluminosilicates of alkali or alkaline-earth metals, structured in three-dimensional rigid crystalline network, formed by the tetrahedral AlO4 and SiO4, which come together to compose a system of canals, cavities and pores (Ming and Mumpton, 1989) .
Lignite is the youngest coal and considering its composition it can also be used in agriculture -as a source of organic carbon or humic substances and also as an in situ soil remedial agent.
Agrisorb is a polymer organic compound whose structure is capable of retaining water and supplying the roots during vegetation. The gel that is formed from the preparation protects the ultra-fi ne root system (root hairs) against damage by drought and the eff ects of transplanting. A er plant root treatment and following planting the presence of Agrisorb accelerates contact with the surrounding soil and in this way helps to overcome shock. Gel produced from 1 g can bind as much as 300 g of water (Straková et al., 2009) .
Including the untreated control the experiment comprised 4 treatments. The applications were as follows: zeolite -3 l/m 2 , i.e. 30 m 3 /ha; the used fraction 1-2 mm; Agrisorb -20 g/m 2 , i.e. 200 kg/ha; lignite 1000 g/m 2 , i.e. 10 tons/ha and the rate was speci fi ed with regard to the coarser soil texture; lignite was applied in the form of the preparation TerraClean. Single incorporation of supplementary soil substances into a profi le of 0.15 m was performed with a compactor.
Three types of clover-grass mixtures were proposed for the following sowing: landscape mixture with an addition of leguminous plants (seeding rate 200 kg . ha . The samples were weighed and then analysed for the in di vi dual groups: grasses, leguminous, herbs, and the not sown species -weeds. In these groups we determined the weight proportion in the green matter of the sample. The samples were then dried and again weighed to determine hay yields. The dried samples were homogenised.
The content of macrobiogenic elements in the plant biomass was assessed a er wet mineralization (H 2 SO 4 +H 2 O 2 ). The N content was assessed according to Kjeldahl, colorimetry was used to assess P, and the AAS method to assess K, Ca and Mg (Zbí-ral, 1994) .
The content of available nutrients in soil samples prior to the establishment of the trial (Tab. I) was assessed by the method used in agrochemical testing of agricultural soils (AZZP) in extract Mehlich III (NH 4 F, NH 4 NO 3 , CH 3 COOH, HNO 3 , EDTA). Avai lable P was assessed from the soil extract by spectrophotometry as phospho-molybden blue; available K was assessed from the extract by atomic emission spectrometry (AES) in acetylene-air fl ame and availa ble Ca and Mg were assessed from the extract a er adding lanthanum by atomic absorption spec tro metry (AAS) in acetylene-air fl ame. The exchangeable soil reaction was assessed with the method used for AZZP in a soil extract of 0.01 M CaCl 2 Zbíral (2002) .
The results were processed statistically using variance analysis followed by testing according to Scheff e (P = 95%).
RESULTS AND DISCUSSION
a) Agrochemical characteristics of the soil before establishment of the trial Tab. I shows the results of analyses of the light soil before establishment of the experiment. The exchangeable soil reaction was strongly acid, the content of phosphorus very high, the content of potassium satisfactory and the content of calcium and magnesium low.
In terms of the nutrient content this soil does not provide optimum conditions for plant growth and development. Absolutely surprising is the very high content of phosphorus (the category "very high" equals more than 185 mg.kg
) and it is very diffi cult to fi nd out the reason. However a number of factors limit the utilisation of phosphorus by plants of which the soil reaction value (pH) is crucial. In acid soils P yields to chemo-sorption and a er reaction with Fe and Al passes into insoluble compounds which in fact the plants cannot utilise (Marschner, 2002; Mengel and Kirkby, 2001 ). In the matter of the remaining nutrients in the soil (K, Ca, Mg) it would be suitable to fertilise with mineral fertilisers although it is very likely that they would suppress the eff ects of the applied soil conditioners and supplementary soil substances; that is the reason why we did not take this into account and also with regard to the extent of the experiments.
b) Results of chemical analyses of plants of the individual species of the clover-grass mixtures
Tabs. II-IV give the results of chemical analyses of the clover-grass mixtures for the content of macrobiogenic elements (N, P, K, Ca, Mg) a er treatment with the respective preparations. Three diff erent types of clove-grass mixtures were used in the experiment: regional mixture (RM), landscape mixture (LM) and annual mixture (AM). The botanical composition of these mixtures is diff erent.
In 2008 no signifi cant diff erences among treatments 1-4 (Tab. II-IV) in the contents of the macrobiogenic elements (N, P, K, Ca, Mg) were dis covered. Nevertheless in terms of statistical evaluation of the entire locality we monitored signifi cant differences in the nutrient contents between some of the grass mixtures, specifi cally as follows: between LM-AM in the phosphorus content; between RM-AM in the content of potassium; between RM-AM in the calcium content; and between RM-AM and LM-AM in the magnesium content. It was the same in 2009 when no signifi cant differences in the contents of macrobiogenic elements among treatments 1-4 (Tab. II-IV) were monitored. Just the same as in the previous year the diff e rences in the contents of nitrogen between RM-AM and LM-AM were signifi cant. Hence in both years the botanical composition of the stand infl uenced the content of the respective nutrients in the aboveground biomass.
In terms of the individual types of treatment of the stand (C, Z, A, L) in 2009 in all the types of mixtures it was discovered that treatments with agrisorb (A), lignite (L) as well as the control (C) had a significant eff ect on the N content in the biomass between LM-AM in the entire locality.
We compared the content of macro elements in the biomass of the regional mixture (RM) (Tab. II) of all the treatments (zeolite, agrisorb, lignite) and we discovered that the N content increased si gnifi can tly in 2009, to more than double that of 2008. A similar trend was monitored also in the content of Ca; ne ver the less a signifi cant increase was reported in 2009 in all treatments only against the lignite treatment in 2008. Also Gul et al. (2005) reported an increased N content in tissues of head-lettuce from 2.90 to 3.37 % a er the application of zeolite. These results support the previous report of Harland et al. (1999) submitting that zeolite acts as a reser voir, holding elements in its structure for slow release to the substrate solution or directly to plant roots. Challinor et al. (1995) report that zeolite is highly selective for potassium and ammonium nitrogen. In a pot trial with maize and carrot Pekař et al. (2009) reported that the Cd and Pb contents decreased in the plant biomass with increasing content of lignite in the soil; however in vetch the Cd content did not change a er lignite application.
In the second year of the experiment the Mg content decreased in all the treatments of all three mixtures approximately to one half of the content in the fi rst year (Tab. II-IV). Gul et al. (2005 Gul et al. ( , 2007 reached the same conclusions; they reported that a er the application of zeolite the Mg content decreased in the aboveground biomass of lettuce from 0.45 to 0.37%. The reason for this decrease in the Mg content in plants may be its lower amount in the nutrient solution because it was absorbed due to the eff ect of the applied preparations.
No signifi cant diff erences between the two years were monitored in the contents of P and K in none of the mixtures (Tab. II-IV). Neither Gul et al. (2005) found diff erences in the phosphorus content a er the application of zeolite in lettuce leaves and Ghazvini et al. (2007) in strawberries. On the contrary Kavoosi (2007) reported that a er the application of zeolite at rates of 8-24 t.ha −1 the content of soilavailable potassium and its uptake by rice straw increased.
The trends of the year-on-year diff erences in the regional mixture (Tab. II) are the same also for the landscape mixture (Tab. III). The content of Ca (as well as the N content) increased signifi cantly in 2009 in all treatments compared to 2008. Ghazvini et al. (2007) likewise reported that the concentration of Ca in strawberry tissues increased from 0.08 to 0.20 % a er the application of zeolite. Calcium absorption and movement are related to water content of media. Applied zeolite enhanced water retention and Ca 2+ (Ghazvini et al., 2007) . Cell membranes can be protected by Ca 2+ on substrates with high level of EC (Turhan and Atilla, 2004) . In the annual mixture (Tab. IV) the content of nitrogen increased significantly only a er treatment with Agrisorb in 2009 as compared to all the treatments of 2008.
SUMMARY
In 2008 and 2009 the individual treatments did not signifi cantly change the contents of N, P, K, Ca and Mg in the aboveground biomass of the respective clover-grass mixtures. A signifi cant diff erence in the contents of macroelements was discovered only between the individual mixtures; this is due to their diff erent botanical composition. No signifi cant diff erences in the contents of P and K were observed between the years 2008 and 2009 in none of mixtures, but the Mg content decreased in the second year, in many cases by more than 50%. The N and Ca contents increased signifi cantly in the second year in the regional and landscape mixtures and the Ca content increased also in the annual mixture. The year-to-year diff erences however appeared also in the untreated control and showed evidence of the eff ect of the year. To be able to evaluate objectively the eff ect of the applied preparations on the chemical composition of the aboveground biomass a longer period of investigations will be necessary. The economic factor will decide about whether the various supplementary soil substances and soil conditioners will be used in practice and whether their properties are suitable for concrete site conditions (pH preparations and soil etc.). There is no doubt that their absorption capacity will reduce losses of nutrients caused by washing out but the object of future research will be e.g. investigations into the strength of the bond of nutrients in the soil (a kind of sorption) to make the bound biogenic elements (nutrients) available for the plants. jižní Morava, půda, aridní podmínky, zeolit, agrisorb, lignit, chemické složení rostlin
